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The present studies examined the effects of basolateral amygdala (BLA) lesions induced prior to or after
context-footshock training on 48-h memory, using several retention measures. In experiment 1, male Sprague-Dawley
rats with bilateral BLA lesions (NMDA, 12.5 mg/mL, 0.2 µL) were given footshock training in one compartment of a
two-compartment alley. Rats were habituated to the alley and 24 h later were given two footshocks in the shock
compartment. Retention was tested 48 h later, using latency to enter the shock compartment and time spent freezing
as measures of memory. Two days later, they were tested again and received a footshock on each re-entry of the
shock compartment prior to remaining in the safe compartment for 200 consecutive seconds. The BLA lesions did
not block retention as assessed by freezing or number of re-entries of the shock compartment. In experiment 2, no
prior habituation was given, and only one footshock was used for the training. BLA lesions did not block retention,
as indicated by latencies to enter the shock compartment on a 48-h test or by number of entries of the shock
compartment. Experiment 3 examined the effects of the GABAA agonist muscimol infused into the BLA prior to the
48-h retention test. The muscimol infusions decreased retention test entrance latencies but did not block retention as
assessed by the number of subsequent entries of the shock compartment. These findings provide additional evidence
that an intact BLA is not required for the acquisition or retention of context-footshock training.

It is well established that, in rats, inactivation or lesions of the
basolateral amygdala (BLA) decrease freezing behavior elicited by
cues previously associated with footshock (Kim et al. 1991; Phil-
lips and LeDoux 1992; Maren et al. 1996a; Maren 1998). Such
findings have indicated that the BLA may be a critical locus of
neuroplasticity underlying the memory of Pavlovian fear condi-
tioning, as freezing behavior (defined as the cessation of all mo-
tion except respiration) is typically used as the measure of
memory in such experiments (LeDoux 1995; Maren and
Fanselow 1996; Davis et al. 1997; Schafe et al. 1999). However,
there is extensive evidence that lesions or drug-induced inacti-
vation of the BLA also increase locomotor activity and decrease
indices of unconditioned fear in rats, including freezing behavior
(Blanchard and Blanchard 1972; Ambrogi-Lorenzini et al. 1991;
Burns et al. 1996; Vazdarjanova et al. 2001; Power and McGaugh
2002). Thus, the impairment of conditioned freezing induced by
treatments that disrupt BLA functioning cannot be unambigu-
ously interpreted as evidence of impaired memory of the context-
footshock association created by training such as that used in
contextual fear conditioning (CFC).

The effects of BLA lesions and drug-induced inactivation
have also been studied in experiments using inhibitory avoid-
ance (IA), a task in which rats’ retention of footshock-based
learning is typically assessed by the animals’ latencies to enter a
compartment where they previously received footshock. Al-
though animals may display freezing behavior on the retention
test, freezing is not essential for evidence of memory of the train-
ing as assessed by retention test latencies. As BLA lesions typically
do not prevent IA retention (Parent et al. 1995a; Roozendaal and
McGaugh 1996; Roesler et al. 2002), the findings of studies using
IA further question the hypothesis that the BLA is an essential
locus of learning based on footshock training.

IA and CFC training procedures (e.g., context-footshock
training) are similar in that in both tasks the animals receive
footshock in a particular context, but they differ in the specific
training and retention testing procedures used. In IA training,
the rats typically step into the shock compartment (or from a
platform to a grid floor), whereas in CFC training the rats are
placed into a compartment where footshock is delivered. It has
been suggested that such procedural differences in training may
engage different forms of memory with different neurobiological
bases (Wilensky et al. 2000). Alternatively, the differences in the
testing procedures typically used in IA and CFC experiments may
be critical in determining the effects of BLA lesions. To investi-
gate this issue, the present experiments trained rats by using
Pavlovian CFC procedures but tested for retention by using IA
procedures. That is, the rats’ latencies to enter the shock com-
partment from an adjacent “safe” compartment, as well as re-
peated entrances of the shock compartment, were used to assess
retention of the footshock training experience. In experiment 1,
freezing behavior on the retention test was also assessed. Experi-
ments 1 and 2 investigated the effects, on retention, of BLA le-
sions induced prior to the training. Experiment 3 investigated
the effects of intra-BLA infusions of the GABAA agonist muscimol
administered before retention testing.

MATERIALS AND METHODS

Experiment 1

Subjects
Subjects were 36 male Sprague Dawley rats (Charles River, Wil-
mington, MA) weighing 225 to 250 g on arrival. The animals
were individually housed in a temperature (22° C) and light (12-
h/12-h light/dark cycle; lights on at 7:00 a.m.) controlled vi-
varium. Food and water were provided ad libitum, and rats were
acclimated to laboratory conditions for 1 wk prior to surgery. All
of the methods used complied with National Institutes of Health
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(NIH) guidelines and were approved by the University of Califor-
nia Irvine Institutional Animal Care and Use Committee.

Surgical Procedures
The rats were anesthetized with sodium pentobarbital (50 mg/kg
intraperitoneal [IP]) and received atropine sulfate (0.4 mg/kg IP)
to assist breathing. The rats were placed in a stereotaxic frame
(Kopf Instruments). Bilateral BLA lesions were induced by infus-
ing the neurotoxin N-methyl-D-aspartate (NMDA; Sigma Chemi-
cal) through an infusion needle that was lowered into the BLA
(anterior-posterior, �2.8 mm from bregma; medial-lateral, �5.0
mm from midline; dorsal-ventral, �8.5 mm from the top of the
skull; and nose bar, �3.3 mm from interaural line; Paxinos and
Watson 1998). The NMDA was dissolved into 0.9% saline (12.5
mg/mL) and injected (0.2 µL, 0.55 µL/min) through a needle (30
gauge, 17 mm) attached to a 10-µL syringe (Hamilton), by an
automated Sage syringe pump (Orion Research). The injection
needle was retained in place for 3 min postinfusion to minimize
dorsal diffusion. Bilateral lesions were induced sequentially, and
the scalp incision was closed with wound clips. Sham-lesioned
animals received the same surgical treatment, with the exception
that infusion needle was lowered to the level dorsal to the BLA
(dorsal-ventral, �6.5 mm from the top of the skull) and no so-
lution was infused. The animals were allowed to recover for 7 d
before the initiation of training.

Behavioral Apparatus and Procedures
The IA apparatus was a trough-shaped alley (91 cm long, 6.4 cm
wide at the bottom, 20 cm wide at the top) separated into two
compartments by a sliding door that retracted into the floor. The
light compartment was white and illuminated by a 14 W lamp,
and the dark compartment was constructed of stainless steel
walls and floor. The apparatus located was in a sound-attenuated,
nonilluminated room.

The rats were first given habituation training in the appara-
tus. They were placed in the light compartment, with the door
between the compartments open, and allowed to explore both
compartments for 3 min. For the training, 24 h later, the animals
were placed in the dark compartment, with the door to the light
compartment closed. Animals were allowed to explore the dark
compartment for 1 min and were then given a footshock (1.0
mA, 1.0 sec). A second footshock was given after an additional
minute, and then the animals were removed. For the retention
testing 48 h later, the animals were placed into the light com-
partment facing the closed door. When the rat turned away from
the door, the door was opened and the latency to enter the dark
compartment was measured. The rat was allowed to explore both
compartments for 600 sec, and time spent freezing was mea-
sured. Forty-eight hours later, animals were trained in continu-
ous multiple trial IA (CMIA). Rats were placed in the light com-
partment and were allowed to enter the dark compartment. After

entering the shock compartment, with all four paws, they re-
ceived a mild footshock (0.5 mA, continuous) and were allowed
to escape to the light compartment. They received a footshock on
each re-entry of the dark compartment, and training continued
until the rats remained in the light compartment for 200 con-
secutive seconds. The number of entries into the shock compart-
ment was used as an additional measure of retention of the origi-
nal training. Rats in the nonshocked groups received identical
training as above, except that no footshocks were delivered dur-
ing the training. Animals that received shock training in a dif-
ferent context were habituated as above but were trained in a
clear Plexiglas box (30 � 30 � 30 cm) with a grid floor that
was located in a different room that was well-lit. All other aspects
of training and testing were identical.

Statistics
The results were assessed with one-way analyses of variance
(ANOVA), using latency and CMIA shocks as between-subjects
variables. Results were then analyzed by using Fisher’s post hoc
tests for assessing differences between individual groups. P values
of < 0.05 were considered significant.

Histology
After the behavioral tests were completed, the rats were anesthe-
tized with an overdose of sodium pentobarbital (100 mg/kg IP)
and perfused intracardially with 0.9% saline and then 10% form-
aldehyde. Brains were then removed and placed in 10% formal-
dehyde for a minimum of 4 h then were cryoprotected in a 30%
sucrose solution. Sections of 40 µm were taken with a freezing
microtome and stained with cresyl violet. Slides were then ex-
amined under a light microscope.

RESULTS

Histology
Figure 1 includes photomicrographs of a typical sham lesion (Fig.
1A), the smallest lesion included (Fig. 1B), and the largest lesion
included (Fig. 1C). The largest and smallest lesions included in
experiment 1 are illustrated in Figure 2A. In some cases, lesions
extended into the ventral caudate-putamen and part of the piri-
form cortex. The central nucleus was not included in the lesions.
Only animals with bilateral BLA lesions were included in the
analyses. Animals were excluded from the analyses if their lesions
were either too small or extended significantly into adjacent
brain regions.

Habituation
On the habituation session, all rats explored both compartments
of the IA box, and none of the animals displayed freezing. The

Figure 1 Photomicrographs of a sham lesion (A), the smallest included lesion (B), the largest included lesion (C), and a representative needle track from
the drug infusion in the BLA (D). Arrows indicate the extent of the neurotoxic lesion.
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BLA and sham-lesioned rats did not differ in number of crossings
between compartments and time spent in each compartment
(data not shown).

Retention Testing
Figure 3 shows the latencies to enter the shock compartment on
the 10-min retention test. The BLA-lesioned and sham-lesioned
groups differed significantly in entrance latencies [F3,32 = 31.55,
P < 0.0001] and freezing [F3,32 = 12.79, P < 0.0001]. Fisher’s LSD
post hoc tests indicated that the latencies of the BLA-lesioned rats
given footshock training were shorter than those of the sham-
lesioned animals given footshock training (P < 0.0001). The re-
tention latencies of the BLA-lesioned and sham-lesioned groups
that did not receive footshock training did not differ (P < 0.05).

To confirm that the spared memory displayed by the BLA-
lesioned rats was context specific, some rats (N = six to nine
animals per group) were shocked in a different context. These
animals were tested in the same apparatus as the other groups,
only the training context was different. BLA-lesioned animals
displayed significantly more freezing (P < 0.05) and required sig-
nificantly fewer shocks (P < 0.005) in CMIA training if they had
received training in the same context, as opposed to a different
context. In addition, sham animals had longer latencies
(P < 0.005), significantly more freezing (P < 0.001), and fewer en-
tries into the shock compartment in CMIA (P < 0.005) than did
the sham controls shocked in the different context.

Figure 4 shows the percentage of time that animals dis-
played freezing on the 10-min retention test. The sham-controls
given footshock training displayed more freezing than did sham-
nonshocked controls (P < 0.0001). The BLA-lesioned and sham-
lesioned groups that did not receive footshock training did not
differ significantly in freezing behavior (P > 0.05). The BLA-le-
sioned group given footshock training displayed significantly
more freezing than did BLA-lesioned rats not given shock train-
ing (P < 0.05) but significantly less freezing than did the sham-
lesioned group given footshock training (P < 0.01).

Overall, the groups differed significantly [F3,32 = 33.06,
P < 0.001] in the number of entries of the shock compartment
during CMIA training (Fig. 5). The BLA-lesioned and sham-con-
trols given prior shock training made fewer entries compared
with those of the lesioned (P < 0.01) and sham groups (P < 0.01)
given no prior shock training. The BLA-lesioned and sham-con-
trols given prior shock did not differ significantly in entries of the
shock compartment (P > 0.05).

In this experiment, the BLA-lesioned animals given foot-
shock training displayed shorter retention latencies and reduced
freezing behavior on the retention in comparison with the laten-
cies and freezing seen in the sham-lesioned animals. Thus, the
BLA lesions impaired retention performance as assessed by re-
sponse latencies. However, the finding that the freezing dis-
played by the BLA-lesioned group given prior footshock training
was greater than that of nonshocked animals indicates that the

Figure 2 The largest and smallest BLA lesions included for experiment 1 (A) and experiment 2 (B).
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lesions did not prevent acquisition of the context-footshock as-
sociation. In addition, the performance of the BLA-lesioned rats
on CMIA did not differ significantly from that of the sham ani-
mals. The finding that BLA-lesioned animals given prior shock
training made significantly fewer entries of the shock compart-
ment on the CMIA, in comparison with BLA-lesioned animals
and sham controls not given prior shock, provides strong evi-
dence of spared memory of the original context-footshock train-
ing. The spared retention was not due to incomplete lesions in
some of the animals. The small number of animals in subgroups
with smaller and larger BLA lesions precluded statistical compari-
sons. However, animals with larger (i.e., complete) lesions dis-
played greater freezing (mean = 146, SE = 38 sec) than did non-
shocked controls (mean = 1.7, SE = 0.2 sec). Furthermore, the
animals with larger BLA lesions made fewer shock compartment
entries (mean = 0.83, SE = 0.17 sec) than did the nonshocked
controls (mean = 1.7, SE = 0.2 sec) on the CMIA test.

Experiment 2
In experiment 1, the BLA-lesioned animals had impaired reten-
tion of context-footshock training, as indicated by shock-com-
partment entrance latencies. However, they had spared memory
as indicated by freezing (reduced but not blocked), as well as the
number of entries of the shock compartment on the CMIA test.
As noted above, there is considerable evidence that BLA lesions
impair freezing and enhance locomotor activity (Blanchard and
Blanchard 1972; Ambrogi-Lorenzini et al. 1991; Burns et al. 1996;
Vazdarjanova et al. 2001; Power and McGaugh 2002). Such ef-
fects may have contributed to the BLA lesion effect on freezing
and retention latencies. The short retention latencies seen in the
BLA-lesioned animals may have resulted from a reduced ability to
freeze or inhibit responding in the presence of the shock-context
and a consequent increase in escape responding. To address this
issue further, the training procedures were altered for experiment
2. The animals were given no prior habituation and received only
one footshock during training. In addition, the CMIA training
was initiated on the 48-h retention test. All other conditions were
the same as those of experiment 1.

MATERIALS AND METHODS

Subjects
Subjects were 40 male Sprague Dawley rats (Charles River, Wil-
mington, MA) weighing 225 to 250 g on arrival. Animals were
individually housed in a temperature (22° C) and light (12-h/
12-h light/dark cycle; lights on at 7:00 a.m.) controlled vivarium.
Food and water were provided ad libitum, and rats were accli-
mated to laboratory conditions for 1 wk prior to surgery.

Surgical Procedure
The rats received bilateral BLA lesions as described above.

Behavioral Apparatus and Procedure
The IA apparatus was the same as described above. However,
unlike the procedure in experiment 1, the animals were not given
a habituation session prior to the training. For the context-foot-
shock training, the animals were placed in the dark compart-
ment, with the sliding door to the lighted compartment closed.
The animals were allowed to explore the dark compartment for
15 sec and were then given a single footshock (1.0 mA, 1.0 sec).
They were removed from the box 5 sec later and returned to their
home cages. Forty-eight hours later, the animals were placed in
the lighted compartment facing the closed door. After the rat
turned away from the door, the door was opened, and the latency
to enter the dark compartment was measured. The animals were
then immediately trained in CMIA. On each subsequent entry of
the dark compartment they received a mild footshock (0.5 mA,
continuous) and were allowed to escape to the light compart-
ment. Training continued until the rats remained in the light
compartment for 200 consecutive seconds. The number of en-
tries into the shock compartment was recorded and used as a
measure of retention of the original training.

Rats in the nonshocked groups received identical training as
above, except no footshock was delivered during the original
training.

Histology
After behavioral tests were completed, rats were anesthetized
with an overdose of sodium pentobarbital (100 mg/kg IP), and
slides were prepared as described above. Slides were then exam-
ined under a light microscope to verify lesion accuracy.

Figure 3 Latencies to enter the shock compartment during retention
testing for sham and BLA-lesioned animals in experiment 1. *P < 0.001
compared with sham (no prior shock training group; N = 6 to 11 animals
per group).

Figure 4 Freezing behavior during the 10-min retention testing.
†P < 0.05 compared with lesion (no prior shock training group);
*P < 0.05 compared with sham (no prior shock training group; N = 6 to
11 animals per group).
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RESULTS

Histology
The largest and smallest lesions included in the study are shown
in Figure 2B. As in the previous experiment, only animals with
bilateral BLA lesions were included in the analyses. Animals were
excluded from the analyses if the lesions were either too small or
extended significantly into adjacent brain regions.

Retention Testing
Figures 6 and 7 show retention latency and CMIA results on the
48-h retention test. The latencies of both the BLA-lesioned and
sham controls given footshock shock training differed from
those of lesioned and sham groups not given shocks during train-
ing [F1,36 = 33.54, P < 0.0001]. Similarly, the groups given prior
footshock training differed from those not given prior shock
training in number of entries of the shock compartment during
the CMIA training [F1,36 = 25.36, P < 0.0001]. Post hoc tests con-
firmed that, for the shock and no-shock training conditions, the
latencies of the BLA-lesioned rats did not differ from those of the
sham-lesioned rats (P > 0.05 for both conditions). Both BLA- and
sham-lesioned rats had significantly longer retention latencies
with prior shock training than did their respective controls that
did not receive shock training (P < 0.005 for lesioned; P < 0.001
for sham animals). In addition, on the CMIA training, both the
BLA- and sham-lesioned animals with prior shock training made
significantly fewer entries into the shock compartment in com-
parison with those of the BLA-lesioned and sham controls given
no prior shock training (P < 0.01 for BLA-lesioned; P < 0.0001 for
sham animals).

The findings of experiment 2 indicate that the BLA lesions
did not prevent retention of context-footshock training as as-
sessed either by latencies to enter the shock compartment or by
entries of the shock compartment on the CMIA training. As in
experiment 1, the spared retention was not due to incomplete
lesions in some of the animals. Animals with larger (i.e., com-
plete) lesions had longer latencies than did the nonshocked con-
trols (P < 0.05). Furthermore, the animals with larger BLA lesions
made fewer shock compartment entries than did the nonshocked
controls (P < 0.05) on the CMIA test.

MATERIALS AND METHODS

Experiment 3

Subjects
Subjects were 27 male Sprague Dawley rats (Charles River, Wil-
mington, MA) weighing 225 to 250 g on arrival. Animals were
individually housed as described above.

Surgical Procedure
The rats were anesthetized with sodium pentobarbital (50 mg/kg
IP), and received atropine sulfate (0.4 mg/kg IP) to assist breath-
ing. The rats were placed in a stereotaxic frame (Kopf Instru-
ments). After the skull was exposed, holes were drilled for the
placement of bilateral cannula (15 mm, 23-gauge). The cannula
were lowered at coordinates 2.8 mm posterior to bregma and 5.0
mm lateral to the midline, just dorsal to the BLA (�6.5 mm from
the skull), and fixed in place with dental cement and two jewel
screws attached to the skull. The incision was closed with wound
clips, and 15-mm-long stylets were inserted in the cannula to
prevent clogging. The animals were allowed to recover for 7 d
before the initiation of training.

Behavioral Apparatus and Procedure
Animals were handled on the 3 d prior to training for 60 sec each
day, to allow habituation to the pretesting drug administration
procedure. The IA apparatus was the same as described above.
The rats were first given habituation training in the apparatus.
They were placed in the light compartment, with the door be-
tween the compartments open, and allowed to explore both
compartments for 3 min. For the context-footshock training, 24
h later, the animals were placed in the dark compartment, with
the door to the light compartment closed. Animals were allowed
to explore the dark compartment for 15 sec and were then given
a footshock (0.8 mA, 1.0 sec). A second identical footshock was
given after an additional 30 sec, and the animals were removed
15 sec later, for a total time of 1 min in the compartment. Forty-
eight hours later, the animals received infusions of either mus-
cimol or saline and retained in their home cages to allow for drug
activation. After 30 min, the rat was placed in the lighted com-
partment facing the closed door. After the rat turned away from
the door, the door was opened, and the latency to enter the dark

Figure 5 CMIA trials needed to reach the 200-sec criterion for sham-
and BLA-lesioned rats. †P < 0.001 compared with lesion (no prior shock
training group); *P < 0.0001 compared with the sham (no prior shock
training group; N = 6 to 11 animals per group).

Figure 6 Latencies to enter the shock compartment during CMIA test-
ing in experiment 2 for sham- and BLA-lesioned animals. †P < 0.005 com-
pared with lesion (no prior shock training group); *P < 0.0001 compared
with sham (no prior shock training group; N = 8 to 13 animals per
group). The maximum latency was 200 sec.
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compartment was measured. As in experiment 2, the animals
were then immediately trained in CMIA, as described above.

Drugs and Infusion Procedures
Muscimol (Sigma) was dissolved in saline and made fresh before
each experiment. Bilateral pretesting infusions of saline or mus-
cimol were made through 30-gauge injection needles connected
to a 10 µL Hamilton syringe by polyethylene tubing. The needles
protruded 2 mm beyond the tip of the cannula to reach the BLA.
A total of 1.1 nmole in volume of 0.2 µL per side was infused by
an automated syringe pump (Sage Instruments) over a period of
22 sec. The needles were retained in place for an additional 60 sec
to allow for diffusion within the BLA.

Histology
After behavioral tests were completed, rats were anesthetized
with an overdose of sodium pentobarbital (100 mg/kg IP), and
slides were prepared as described above. Slides were then exam-
ined under a light microscope to verify cannula placement.

RESULTS

Histology
Figure 1D is a photomicrograph of a representative example of an
intra-BLA infusion needle track. Only animals with bilateral
needle tracks in the BLA were included in the analyses.

Retention Testing
Figure 8 shows the latencies to enter the shock compartment on
the retention test. The groups differed significantly in entrance
latencies [F3,23 = 8.40, P < 0.001]. Fisher’s LSD post hoc tests in-
dicated that the latencies of the saline-infused rats given foot-
shock training were longer than those of the muscimol-infused
animals given footshock training (P < 0.001). The retention la-
tencies of the muscimol-infused and saline-infused groups that
did not receive footshock training did not differ (P > 0.05).

During CMIA training, the groups differed significantly
[F3,23 = 6.01, P < 0.005] in the number of entries into the shock
compartment (Fig. 9). Both muscimol- and saline-infused rats
had made significantly fewer entries into the shock compartment
in comparison with those of the muscimol- and saline-infused
controls given no prior shock training (P < 0.05 for muscimol;

P < 0.05 for saline animals). For both the shock and no-shock
training conditions, the number of entries of the muscimol-in-
fused rats did not differ from those of the saline-infused rats
(P > 0.05 for both conditions).

DISCUSSION
Experiments 1 and 2 examined the effects of bilateral BLA lesions
induced before training on the retention of memory for context-
footshock training. Experiment 3 examined the effects of infu-
sions of the GABAA agonist muscimol administered prior to test-
ing the retention of context-footshock training. In experiment 1,
the BLA lesions impaired IA retention performance but did not
block memory as assessed by freezing or number of entries of the
shock compartment on the retention test. In experiment 2, BLA
lesions did not block retention as assessed by either IA or number
of entries of the shock compartment. The findings of experiment
3 were similar to those of experiment 1: Pretesting intra-BLA
infusions of muscimol impaired IA retention performance but
did not block retention as assessed by number of entries of the
shock compartment. In addition, the poor retention perfor-
mance of control animals shocked in a different context provides
evidence of the context specificity of the memory. Thus, these
findings provide additional evidence that an intact and function-
ing BLA is not required for acquiring, storing, and retrieving
memory of context-footshock training. These results are consis-
tent with previous evidence indicating that disruption of BLA
functioning does not block the acquisition or retention of aver-
sively based training (Selden et al. 1991; Parent et al. 1994,
1995a,b; Killcross et al. 1997; Vazdarjanova and McGaugh 1998,
1999; Cahill et al. 2000; Lehmann et al. 2000, 2003).

In experiment 1, rats were habituated to the IA box and
given two footshocks in the shock compartment the following
day. When tested 48 h later, the BLA-lesioned animals, compared
with sham-lesioned animals, had shorter latencies to enter the
shock compartment and displayed less freezing. However, they
displayed significantly more freezing than did nonshocked con-
trols. BLA lesions did not block savings of prior shock training, as
indicated by fewer entries of the shock compartment on the
CMIA retention test. In experiment 2, the rats received no prior
habituation to the apparatus. They received one footshock in the

Figure 7 CMIA trials needed to reach the 200-sec criterion for sham
and BLA-lesioned rats in experiment 2. †P < 0.005 compared with lesion
(no prior shock training group); *P < 0.0001 compared with sham (no
prior shock training group; N = 8 to 13 animals per group).

Figure 8 Latencies to enter the shock compartment during CMIA test-
ing in experiment 3 for muscimol- and saline-infused rats. *P < 0.001
compared with saline (no prior shock training group; N = six to nine
animals per group). The maximum latency was 200 sec.
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dark compartment of the IA box, and were tested 2 d later. Im-
mediately after retention testing, the rats received CMIA train-
ing. The retention of the BLA-lesioned animals was not impaired
compared with that of sham-lesioned animals, as assessed by
retention latencies and CMIA retention performance. In addi-
tion, in comparison with controls not given prior shock, the
lesioned animals had longer latencies and made fewer entries of
the shock compartment on the CMIA test.

In experiment 1, the controls had long (∼500 sec) retention
latencies, whereas the BLA-lesioned animals had very short la-
tencies. There is extensive evidence indicating that amygdala-
lesioned animals have increased locomotor activity (Blanchard
and Blanchard 1972) and are impaired in expressing freezing
behavior (Vazdarjanova et al. 2001). With the training condi-
tions used in experiment 1, prior habituation and two footshocks
for the context-footshock training, the BLA lesions may have
reduced the animals’ ability to express freezing and inhibit re-
sponding in the presence of apparatus contextual cues associated
with the footshock training and increased the animals’ tenden-
cies to use active escape responses. The findings of experiment 2
are consistent with this hypothesis. In experiment 2, in which
the animals received no prior habituation and only one foot-
shock on the context-footshock training, the lesioned animals
had longer retention latencies and did not differ significantly
from sham-control animals.

Experiment 3 used training conditions similar to those of
experiment 1. The animals received prior habituation and re-
ceived two training footshocks. Like the effect of BLA lesions
found in experiment 1, intra-BLA infusions of muscimol prior to
testing resulted in shorter retention latencies compared with
those of saline-infused controls. Thus, retention performance as-
sessed by this measure was impaired. However, like the findings
of BLA lesions, the muscimol infusions did not impair retention
of the context-footshock training, as indicated by number of en-
trances of the shock compartment where they received shock on
each entrance. Both the muscimol-infused rats and the saline-
infused rats given prior shock training made fewer entrances of
the shock compartment than did muscimol- and saline-infused
rats that did not receive prior shock training. These findings in-
dicate that muscimol infused into the BLA prior to the retention
test did not block memory of the prior footshock training. The
similarity of the effects of BLA lesions induced prior to training

and intra-BLA infusions of muscimol administered prior to test-
ing provides further evidence indicating that the BLA lesions did
not impair acquisition of context-footshock association. Further-
more, the finding that muscimol infused into the BLA prior to
retention testing did not block memory of prior footshock train-
ing indicates that it is unlikely that the spared retention of con-
text-footshock training in BLA-lesioned rats resulted from some
other brain are taking over the functions of the lesioned BLA to
enable acquisition of the context-footshock association. Of
course, it remains possible that some other brain area might take
over when the BLA is disabled, permanently or temporarily, to
enable memory retrieval. However, consideration of this possi-
bility would also require the conclusion that the BLA is not criti-
cal for either the acquisition or expression of memory of context-
footshock training.

In the present experiments, CFC procedures were used for
training. That is, the animals were placed directly into the shock
compartment. The term CFC is used because it is conventionally
used to refer to context-footshock training. However, the present
studies do not address the issue of whether the expression of
memory of such training is based on fear, as that would require
a definition of fear that is not circularly defined by the behavioral
measures typically used to infer fear. CFC studies typically use
freezing behavior to assess memory. In typical studies of IA, the
rats are placed into the safe compartment and allowed to step
into the compartment (or to step down from a platform to a grid
floor) where they receive a footshock. Memory is typically as-
sessed by the latencies to enter the shock compartment on a
retention test. Because the animals are allowed to enter the shock
compartment on the IA training trial, it has been suggested that
IA training may be based on instrumental learning and thus en-
gage neurobiological systems that are different from those en-
gaged by Pavlovian CFC training (Wilensky et al. 2000). The pre-
sent findings clearly indicate that IA expressed on the retention
test does not require an instrumental response on the training.
Thus, the essential difference between IA and CFC appears to be
the behavioral measures typically used to assess retention of the
training. The present findings indicating that BLA lesions did not
block memory of context-footshock training, as indicated by sev-
eral response measures, are consistent with extensive evidence
that BLA lesions do not block memory for IA training, and, thus
an intact BLA is not essential for acquiring and retaining aver-
sively based memories.
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